Fatty acids and anionic phospholipids alter the palmitoyl coenzyme A kinetics of hepatic monoacylglycerol acyltransferase in Triton X-100 mixed micelles.
In order to gain a better understanding of the kinetics of activation and inhibition of hepatic monoacylglycerol acyltransferase (MGAT) (EC 2.3.1.22) by fatty acid, we examined the effect of fatty acid with respect to MGAT's long-chain acyl-CoA substrate in Triton X-100 mixed micelles. At concentrations between 2.5 and 5.3 mol %, oleic acid stimulated MGAT activity 2-fold, whereas oleic acid inhibited MGAT at concentrations higher than 7.5 mol %. The dependence on palmitoyl-CoA was highly cooperative with a Hill constant of greater than 2.4. When present at less than 3 mol%, oleic acid eliminated the lag in the dependence curve. When concentrations of oleic acid were higher than 3 mol %, Michaelis-Menton kinetics were observed with an apparent k(m) value of about 54 microM for palmitoyl-CoA but with progressively decreasing Vmax values. This effect was not observed with octanoic acid, suggesting that the medium-chain fatty acid is unable to associate stably with the mixed micelle and, thus, cannot substantially alter substrate affinity. When anionic phospholipids were tested, phosphatidic acid, lysophosphatidic acid, phosphatidylserine, and phosphatidylinositol eliminated some of the lag in activation by palmitoyl-CoA. At high molar concentrations of the anionic lipid activators, apparent k(m) values ranged from 77 microM for phosphatidic acid to 196 microM for phosphatidylinositol. Zwitterionic phospholipids had no effect, nor did the non-phospholipid activators bovine serum albumin or sn-1,2-diacylglycerol. CaCl2, but not neomycin or KC1, could overcome the inhibitory effect of oleic acid; thus, the inhibitory effect of fatty acid did not appear to occur by electrostatic interactions. These blockers did not change the effects observed with the anionic phospholipid activators or with the inhibitor, sphingosine. An altered k(m) for palmitoyl-CoA in the presence of fatty acid or anionic phospholipid suggests that both long-chain fatty acids and phospholipid cofactors may induce a conformational change in MGAT, thereby altering the enzyme's affinity for its long-chain acyl-CoA substrate. These data further support the hypothesis that the synthesis of glycerolipids via the monoacylglycerol pathway may be highly regulated via a variety of lipid second messengers such as phosphatidic acid and diacylglycerol, as well as by the influx of fatty acids derived from high-fat diets, or from the hydrolysis of adipocyte triacylglycerol during fasting or diabetes.